Abstract: Sea surface wind field was retrieved from high-resolution SIR-C SAR data by using CMOD algorithms off the east coast of Korea. In order to extract wind direction information from SAR data, a two-dimensional spectral analysis method was applied to the normalized radar cross section of the image. An 180 o -ambiguity problem in the determination of wind direction was solved by selecting a direction nearest to the wind vector of the ECMWF reanalysis data. Comparison of the wind retrieval patterns with the ECMWF and NCEP/NCAR dataset showed RMS errors in the range of 1.30 to 1.72 ms ). This study also addressed an importance of accurate wind direction data to improve the accuracy of wind speed retrieval and discussed potential causes of wind retrieval errors from SAR data.
o -ambiguity problem in the determination of wind direction was solved by selecting a direction nearest to the wind vector of the ECMWF reanalysis data. Comparison of the wind retrieval patterns with the ECMWF and NCEP/NCAR dataset showed RMS errors in the range of 1.30 to 1.72 ms . In contrast, comparison of wind directions revealed large errors of greater than 60 o , which is enormously higher than the permitted limit of about 20 o for satellite scatterometer winds. Compared with wind speed results from different algorithms, wind vectors based on commonly-used CMOD4 algorithm showed good agreement with those derived by other algorithms such as CMOD_IFR2 and CMOD5, particularly at medium winds from 4 to 8 ms
Introduction
Sea surface wind has major effects on the heat flux variations of the upper ocean and the variations of mixed layer depth while controlling the ocean surface circulation through continuous air-sea interaction (Hsu, 2005) . In addition, near-surface wind is an important atmospheric-oceanic variable to understand air-sea gas exchange of greenhouse gases through sea surface, modification of vertical thermal structure and distribution of deep-water nutrients. As there has been increasing interest in global climate change, the importance of the sea surface wind field has been emphasized with respect to climatology.
As remote sensing techniques of oceanography have been improved, satellite scatterometer instruments (e.g., NSCAT (National Aeronautics and Space Administration Scatterometer) and QuikSCAT (Quick Scatterometer)) have been operated since 1997. The scatterometer can measure sea surface winds with an accuracy of 2 ms −1 for wind speed and 20 o for wind direction, and it can cover the global coverage every 1-2 days with 25-km spatial resolution. Conventional wind measurements such as winds from research vessels, coastal buoys, and mooring buoys have long been unable to provide us synoptic views of wind fields at global or regional scale. Satellite scatterometer observations have produced time-series wind fields with high accuracy, which contributed to understanding diverse aspects of new scientific discoveries including air-sea interaction, typhoon and hurricane mechanism, ocean general circulation, and so on. In spite of its great advantages, the application of the satellite scatterometers has an obvious limitation at coastal area. It is unable to observe wind vectors in the nearshore region within 50 km from the coast because of its own characteristics as a microwave sensor. The low resolution of the scatterometer measurements by 25 km has limited its applicability and usefulness in the coastal region. In particular, since the coastal lines of Korean peninsula are so complicated that the scatterometer winds are inappropriate for the studies of coastal phenomena and small-scale features related to air-sea interaction or air-sea-land multiple interactions. Therefore, many oceanographic researchers have been increasingly paid attention to the wind vector estimation from SAR (Synthetic Aperture Radar) data, which can provide high-resolution wind vectors at the coastal area particularly. Synthetic Aperture Radar (SAR) has the capability of high-resolution imaging so that detailed distribution of wind vectors including the coastal region can be retrieved, which is hard to be measured by scatterometers. This makes it possible to identify the characteristics of wind field variation at the coastal region and to introduce our understanding to fine-scale oceanic phenomena. As an all-weather microwave sensor, SAR is capable of imaging the ocean surface irrespective of atmospheric clouds and moisture except for some of extreme events. Therefore, SAR has a unique possibility to observe sea surface phenomena even at high sea state. For these reasons, many oceanographers regard the SAR sensor as an innovate tool to investigate the spatial variability of wind field, observing near-coastal and finer-scale wind fields.
Some of previous literature presented wind field retrieved from SAR data in the seas adjacent to Korea. Won et al. (1998) tested CMOD4 model (Stoffelen and Anderson, 1997) for estimation of wind speed using an ERS-1 (European Remote-sensing Satellite-1) SAR image acquired near Jeju island. SAR-derived wind retrievals using Radarsat data with HH-polarization, which need to apply a polarization ratio, were also attempted (Kim and Moon, 2002) . Yoon et al. (2006 ) applied CMOD5 algorithm (Hersbach, 2003 on Radarsat SAR ocean images and compared with real time marine meteorological data. Kang et al. (2007) calculated the magnitude of wind from Radarsat-1 imagery off the coast of Jeju island in the Yellow Sea without any estimation of directional information of wind field. They have used C-band SAR data with relatively low spatial resolution. However, none of the previous researches has attempted to use SIR-C SAR data. Unlike other common SAR instruments, SIR-C SAR operated at Cband provided data with relatively narrow swath width (15 to 90 km) with sensor characteristics of multifrequency and fully polarization. In this study, we utilized SIR-C SAR data in order to estimate wind field. SIR-C SAR produced a high-resolution imagery enough to extract fine-scale wind field and identify its spatial distribution.
The objectives of this study are to retrieve highresolution wind vectors from the SIR-C imagery, to assess the accuracy of wind speed and direction driven by different CMOD algorithms, and to understand error characteristics of SAR-derived wind vectors and potential causes.
Data and Processing

SIR-C Data
The SAR imagery utilized in this study was collected with the Spaceborne Imaging Radar C-/Xband Synthetic Aperture Radar, SIR-C/X-SAR, operated during the second space shuttle SIR-C/X-SAR mission (SRL-2) in October 1994. Details of SIR-C/X-SAR are summarized in Table 1 . SIR-C/X-SAR was 
